Fifty-two weaned lambs were used in a comparative slaughter feeding trial and six lambs in a concurrent digestibility trial to investigate the effects of cimaterol on nitrogen retention and energy utilization. Cimaterol (CIM) was administered in the feed at 10 ppm for 90 and 14 d, respectively, in a comparative slaughter feeding trial and in a digestibility trial. No difference was found in dry matter digestibility. Nitrogen retention in the CIM ~sroup (739 mg/Wkg'75/d) was greater (P < .01) than that of the control group (321 mg~kg /d). This difference was accounted for primarily by reduced nitrogen loss in urine of the CIM group. Cimaterol improved growth rate and feed/gain ratio, although these improvements were only evident during the first 42 d of the 90-d feeding trial. The improvement in growth performance of the CIM group was associated with increased protein gain in the empty body (40.2 g/d, P < .01) as well as in carcass (26.9 g/d, P < .01), compared with 30.1 and 14.5 g/d of the control group. Cimaterol decreased (P < .01) fat gain (91.4 vs 109.9 g/d), total daily energy gain (1.08 vs 1.22 Mcal) and energy galn/kg gain (4.17 vs 5.11 Mcal) compared with the control. Feeding CIM increased (P < .01) estimated fasting heat production (73 vs 64 Kcal/Wl~ "75) and metabolizable energy requirement for maintenance (110.2 vs 92.7 Kcall'Wkg'75) over the control. Because the organ weights of the CIM group were lower (P < .05), and even the CIM maintenance-fed group showed a greater protein accretion at the expense of fat, we suggest that the higher maintenance energy requirement of CIM lambs is associated with an increased protein accretion and turnover.
Introduction
Recent studies have demonstrated consistently that dietary administration of 13-adrenergic compounds (primarily clenbuterol and cimaterol) improve growth rate, feed efficiency and carcass composition in meat animals Dalrymple et al., 1984; Ricks et al., 1984; Jones et al., 1985; Beermann et al., 1986a; Kim et al., 1987) . Cimaterol, a beta-agonist, altered the carcass composition by increasing muscle protein lDept, of Anim. Sci. 2American Cyanamid Co., Princeton, NJ. Received March 21, 1988 . Accepted August 31, 1988 accretion while reducing fat deposition; this change was accomplished without additional feed consumption (Kim et al., 1987) . From these observations, one would suspect that cimaterol enhances nitrogen retention at a greater expenditure of energy, resulting in less energy gain in animal body. An early study by Cunningham et al. (1963) showed that epinephrine and norepinephrine in the pig enhanced nitrogen retention. More recently, Beermann et al. (1986b) reported that cimaterol administration enhanced nitrogen retention by 27% within the first 24 h in growing lambs wholly nourished by intragastric infusion. In a similar short-term study with clenbuterol (Herbert et al., 1985) , nitrogen retention was enhanced 40 to 80%. Although there was considerable variability between animals in their response to et al., 1986) .
The objective of this study was to investigate the effects of cimaterol on the digestibility of feed, nitrogen retention, energy utilization and composition of empty body and carcass gain in finishing lambs fed cimaterol over an extended period of time.
Materials and Methods
Animals and Feed. Fifty-eight predomi- nantly Targhee wether lambs, weighing approximately 30 kg, were obtained from Hopland Field Station, CA and conditioned for 2 wk with a 50% concentrate diet before the trial. In late May, the animals were allocated to two experiments: 52 lambs for a comparative slaughter feeding trial and 6 lambs for the estimation of nitrogen balance and metabolizable energy. A completely mixed high-concentrate diet (Table 1) was used with or without 10 ppm cimaterol during the experiment; the animals either had ad libitum or limited (twice daily) access to feed.
Estimation
of N Balance and Metabolizable Energy. Six lambs weighing about 30 kg were assigned randomly to two treatment groups, control and cimaterol-fed (CIM). The lambs were fed at 80% of ad libitum intake in metabolism crates; feces and urine were collected for 14 d after 7 d of conditioning period. Daily urine output, collected under acidic conditions (50 ml of 10 N H2SO4), was recorded and a 5% aliquot was stored at 4"C for future analysis. Daily fecal output was recorded after drying, and the dried feces were stored for future analysis. Heats of combustion of feed, feces and urine were AND ENERGY UTILIZATION 675 determined using an adiabatic bomb calorimeter. Nitrogen content in feed, feces and urine was analyzed using a Kjeldahl method (AOAC, 1975) . The analysis was conducted on pooled samples of 14-d collection for each animal. The relationship developed by Blaxter and Clapperton (1966) was used to estimate methane production. Metabolizable energy content was determined from (heat of combustion of the feed) -(the sum of the heats of combustion of the feces, urine and estimated methane).
Comparative Slaughter Feeding Trial. At the beginning of the experiment, eight lambs were killed to establish initial body composition. The remaining animals were randomly divided into four treatment groups (Table 2) , housed in individual pens and fed for 90 d. Animals were weighed every 3 wk after an overnight withdrawal of feed and water (shrunk weights). Feed allowances for the maintenance group were adjusted at these times to maintain the initial body weights. Feed consumption also was recorded. After 90 d, all animals were slaughtered, and hot carcass weight, liver and heart weight were measured. Carcass density was measured according to the method of Garrett and Hinman (1969) .
Estimation of Energy Retention.
Energy retention was estimated from the difference in body energy content between final and initial slaughter animals. Carcass composition was chemically determined by grinding the right side of each carcass and analyzing fat, moisture, protein and ash by AOAC methods (1975) . Wool-free empty body composition and energy content were estimated from 320.9 739.0** 85.14 *P < .05, differs from control. **P < .01, differs from control.
carcass density using the second set of regression equations (II lambs) developed by Rattray et al. (1973) .
The regression equation Y = 1.464X + 3.23 of Rattray et al. (1973) for the calculation of wool-free empty body weight (Y) from warm carcass weight (X) could not be applied to CIM-fed animals because they had a higher dressing percentage and greater warm carcass weight than control animals, resulting in overestimation of empty body weight. Therefore, the following modification was made for the estimation of wool-free empty body weight. Using control animals only, the average percentage of gastrointestinal fill was calculated by subtracting empty body weight calculated from warm carcass weight using the above regression equation from shrunk weight. The average gastrointestinal fill was 14.7 and 10.6% of shrunk weight for the maintenance and ad libitum group, respectively. Then woolfree empty body weights of control and CIM animals were calculated by subtracting the weights of gastrointestinal fill and wool from slirunk weights. Wool growth was estimated from the value of 1 g/(Wk$'75.d), where W is the wool-free mean empty body weight. The energy content of wool was based on the value of 5.63 kg/g dry matter (Rattray et al., 1973) .
Fasting heat production (FHP) was computed using the same method of Lofgreen and Garrett (1968) and Rattray et al. (1973) , where FHP is the Y-intercept of the regression of log heat production (Kcalf~/kg "75) on ME intake/ WM 75. W is the mean wool-included empty body weight. Estimated maintenance requirement (Kcal/Wkg '75) also was estimated from the regression of log heat production on ME intake, where heat production equalled ME intake.
A 2-cm-thick section of longissimus muscle was cut at the 12th rib at 1 d postmortem, pulverized in liquid nitrogen and analyzed for proximate composition according to AOAC methods (1975) .
A computer program was used to calculate all parameters of interest; statistical analysis of all data was conducted using Student's t-test of SAS (1982) .
Results

Nitrogen Balance and Metabolizable Ener-
gy. Table 3 summarizes the digestion trial and nitrogen balance study. Cimaterol had no effect on the digestibility of dry matter. The amount of nitrogen retained in the CIM group was 739.0 mg/(Wkg'75.d), compared with 320.9 mg/(Wkg '75 9 d) for control animals. The increase was approximately 130%. The increased nitrogen retention in the CIM group was attributed to 30% less loss of nitrogen through urine without a significant change in nitrogen digestibility. Though statistically not significant, the ME of the diet containing cimaterol was higher than that of control diet. This was because energy loss in urine was lower (P < .05, 2.6% vs 3.1% of energy intake) when cimaterol was added to the diet, suggesting that cimaterol slightly improved the metabolizability of the diet.
Comparative Slaughter Feeding Trial. .75 *P < .I0, differs from control. *P < .05, differs from control. d feeding period was not significantly increased (P > .05) by cimaterol, gains were improved (P < .05) by cimaterol during the first 6 wk. Feed/gain ratio also was improved (P < .05). Again, the improvement occurred only during the first 6 wk of the 13-wk experimental period. The data suggested that animals might have adapted to cimaterol by 6 wk and continued feeding resulted in no response.
As shown in Table 5 , cimaterol increased (P < .05) empty body weight gain and markedly affected the composition of gain. Fat gain was lower (P < .01), whereas water and protein gains were higher (P < .01) in the CIM group. Cimaterol did not affect either daily feed consumption or daily ME intake. However, daily energy expenditure was greater (P < .1) and daily energy gain was lower (P < .1) in the CIM group. This effect was most pronounced in the CIM-fed maintenance animals.
Again, as evidenced by higher protein gain/ feed (P < .01) and lower fat gain or energy gain/feed (P < .01), cimaterol undoubtedly favored the utilization of feed for protein gain.
When carcass and muscle composition was compared (Table 6) , the difference was even greater between control and CIM than that observed in the empty body. In the maintenance groups of control and CIM, there were no differences in empty body weight, yet a difference (P < .05) was found in carcass weight. In ad libitum groups, the carcass gain difference (2.6 kg) between control and CIM was greater than empty body gain difference (2.0 kg). This can be explained by the higher dressing percentage and lower organ weights in the CIM group. It appears that cimaterol exerted a differential growth-promoting effect on muscle vs other internal organs.
As evidenced by carcass composition and composition of gain, significant compositional changes occurred in the carcass even when body weight was maintained constant. Control animals at maintenance intake deposited fat (12.1 g/d) at the expense of water (--6.1 g/d) and protein (-2.3 g/d), whereas CIMmaintenance animals maintained balanced gain of both fat (4.9 g/d) and protein (4.1 g/d). For ad libitum-fed animals, protein gain of CIM carcasses (26.9 g/d) was 86% greater than that of controls (14.5 g/d), whereas fat gain (63.7 vs 78.9 g/d) was 20% lower.
Based on composition of the longissimus muscle, CIM animals showed less i.m. fat and higher protein concentration (Table 6) . Cimaterol-ad libitum animals had 2.6% i.m. fat compared with 5.0% for control animals. The difference in protein concentration was 2% (P < .01). For the maintenance animals, significant differences (P < .01) were observed in water and protein concentrations. Muscles of maintenance CIM animals contained less water and fat and higher protein. These results indicated that CIM feeding increased not only muscle mass but also protein concentration in muscle, both factors contributing to greater muscle protein accretion. Estimated fasting heat production and metabolizable energy requirement for maintenance are shown in Table 7 . When cimaterol was fed, the FHP was nine units higher (P < .01) and the ME requirement for maintenance was 17.5 units higher (P < .01) than in the control animals. These increases were 14 and 19%, respectively.
Disouuion
Several studies have shown that the betaagonists, cimaterol and clenbuterol, improved carcass composition in lambs Beermann et al., 1986a; Kim et al., 1987) and other animals Emery et al., 1984; Ricks et al., 1984; Jones et ai., 1985) . The present study confirmed these observations and further revealed that the dramatic increase of protein accretion in cimaterol-fed animals was associated with an increase in nitrogen retention without affecting feed consumption or nitrogen digestibility. The improvement of nitrogen retention by CIM in this study (130%) was much greater than the values reported by Beermann et al. (1986b, 27%) or by Herbert et ai. (1985, 40 to 80%) . The differences could be explained by the length of feeding trial, diet and variability between animals. Another study by MacRae et al. (1986) showed that clenbuterol increased protein gain by 15 to 20 g/d and reduced fat gain by 25 to 30 g/d in lambs. These values are comparable to increased empty body protein gain by 14 g/d and reduced empty body fat gain by 18.5 g/d in our study.
One of the interesting results of this study was that the growth-promoting effect of cimaterol disappeared at round the 6th wk of the 13-wk experimental period, suggesting that lambs might have adapted to cimaterol during the chronic administration of this compound. At present, we have no explanation for this apparent adaptation to the chronic administration of cimaterol. However, Holmberg et al. (1981) showed that rat skeletal muscle developed a tolerance toward the tremogenic effect during chronic treatment with the betaadrenergic agonist terbutaline. According to Vallieres et al. (1979) , chronic treatment with isoproterenol, a beta-adrenergic agonist, caused a significant reduction in the number of betaadrenergic receptor binding sites in the rat skeletal muscle. Therefore, one possibility for the development of adaptation might be a decrease in the sensitivity of skeletal muscle to cimaterol due to a reduction in the density of beta-adrenergic receptors.
Another interesting finding of this study was that in the maintenance-fed animals, protein accretion was positive in lambs fed CIM (4.1 g/d) but negative in control animals (-2.3 g/d). Control animals deposited a greater amount of fat (12.1 g/d vs 4.9 g/d) at the expense of protein, water and ash. It appears that cimaterol stimulates protein accretion under both maintenance and ad libitum feeding situations.
The present study also demonstrated that cimaterol increased the apparent FHP and ME requirement for maintenance in lambs. The nine-unit difference in FHP was equivalent to 171 kcal/d. MacRae also reported that clenbuterol elevated mean heat production by .3 to .8 MJ/d (71 to 191 kcai/d). It is known that FHP and maintenance requirement vary considerably with the plane of nutrition, age, physiological state and other factors (Baldwin and Bywater, 1984) . Because the plane of nutrition and age were the same for both CIM and control groups in our study, it might be speculated that certain changes in physiological state were responsible for the higher FHP and maintenance energy requirement of CIMfed lambs.
One of the well established effects of most of the beta-agonists is the elevation of basal metabolic rate and heat production through beta-receptor mediation (Moran, 1975) . In lambs fed cimaterol or clenbuterol, heart rate and rectal temperature increased transiently within 2.5 h of administration and returned to normal within 12 to 24 h (Herbert et al., 1985; Beermann et al., 1986b) . Eisemann et al. (1988) further demonstrated that within 2 h of initial consumption of clenbuterol, heart rate and blood flow doubled and arterial plasma concentrations of glucose, L-lactate and nonesterified fatty acid increased. On d 9, there were no acute responses to clenbuterol consumption; however, heart rate, blood flow and nonesterifled fatty acids remained chronically elevated. The elevated basal metabolic rate certainly would result in increased heat production and increased maintenance energy requirement.
Another major functional element contributing to FHP is protein turnover. Webster et al. (1978) observed a close statistical association between protein synthesis and heat production. Though the mode of action of beta-agonists has not been adequately determined, the results of some studies (Emery et al., 1984; Smith et al., 1987) indicated elevated muscle protein synthesis in beta-agonist-fed animals. Protein synthesis is a very active and energydemanding process. Reeds et al. (1982) estimated that synthesis of protein contributed a minimum of 17% of dally energy loss. If it can be confirmed that a major portion of enhanced muscle protein accretion in CIM-fed animals is the result of protein synthesis, then protein synthesis may account for a sizeable portion of metabolic heat production.
